Cola lorougnonis is an endemic, rare, and treated species. It was recently recorded in Dékpa forest near Agbaou (a village of Divo region, Côte d'Ivoire). In the same forest, 20 other rare and endemic plant species were recorded. Accurate modeling of geographical distributions of these species is crucial to various applications in ecology and biodiversity conservation. The present study analyzed suitable habitat models for the 21 species. The main objective was to test geographical predictions for the focused species: Cola lorougnonis. We used Maxent modelling method for predicting potential suitable habitats combining environmental variables and species records. We evaluated Maxent predictions using the area under the receiver-operating characteristic curve (AUC). For each species, the map of distribution was engineered using DIVA-GIS. We compared the suitable habitat areas among species. Principal Canonical Analysis allowed the ordination of species according to environmental variables. AUC values allowed to get 11 species with excellent distribution models, 8 species with good distribution models, and 2 species with predictive models considered as acceptable. Cola lorougnonis (AUC = 0.99) and Drypetes singroboensis (AUC = 0.96) have the same focused area: moist semi-deciduous forest in Côte d'Ivoire. They are more sensitive to changes in rainfall of both warmest and coldest seasons. The State of Côte d'Ivoire has to undertake monitoring, assessment and reporting of conservation status facilitation for all habitats where these species could be found within the territory. Additional studies focusing on the investigation areas and niche models onto future conditions of climate could be considered.
Introduction
Tropical forests house the most tree species diversity around the world (Poorter et al., 2004; Sheil et al., 2004; Schroeder et al., 2010; Slik et al., 2015) . These forests harbour some of the highest levels of biodiversity on earth as well as the largest number of species threatened, rare and endemic with global extinction (Parmentier et al., 2007) . However, over the last decade, human-impacted ecosystems including agriculture and extractive activities played a crucial role in land degradation , species extinction and climate changes (Ghazoul & Sheil, 2010) . Species extinction and climate change are two important components on global change. These two components degrade the quality of both environment and human well-being. If these phenomena are considered normal during a long time, they are often exacerbated by human pressure. Today, in international negotiations, interest has increased particularly to find global strategies to induce biodiversity conservation (Scheldeman & van Zonneveld, 2012) in tropical forests. Among these strategies, biodiversity offset is the first and most important step in the mitigation hierarchy (International Union for Conservation of Nature [IUCN] , 2015a).
In Côte d'Ivoire, Cola lorougnonis ( Figure 1 ) was recorded for the first time in 1957 by the botanist Aké-Assi, in a forest near the city of Divo, in the Centre-west of the Country. The latest record of this species was in the same forest area in 1972 but geographical coordinates were not noted (Aké-Assi, 2001 -2002 . Specimens of Cola lorougnonis were deposited in international herbaria including the Museum of Natural History of Paris. In the 1980s, the introduction of cocoa culture in Divo region resulted in the degradation of forests, the main habitat of Cola lorougnonis. Since the species was locally regarded as disappeared from Ivorian natural flora and recorded as Endanger species on the IUCN redlist (1994) .
In 2008 and 2011, during an environmental and social survey of mining activities, we recorded Cola lorougnonis in Dékpa forest of Agbaou village (Department of Divo). However, this forest is located in a mining perimeter of gold and must be destroyed during the extraction. As Ivorian legislation does nothing in terms of biodiversity offset, talks were undertaken with the mining company to save this forest from mining activities. With the mining society and local community from five surrounding villages, we created a conservation area for biodiversity offset, named "Dékpa Forest Reserve". Additional studies were undertaken to assess plant diversity, its value for flora conservation (Vroh et al., 2014) . This initial survey allowed to record 358 plant species among which 30, including Cola lorougnonis, are classified as rare and threatened by IUCN (2015b) or with different levels of endemism according to White (1983) , Aké-Assi (2001 -2002 , and Poorter et al. (2004) . While waiting for a legal status for conservation of Dékpa forest, we considered that these rare and endemic species, mainly Cola lorougnonis, are under the threat of farmers' permanent activities in Divo region. For the majority of these species, records have been reported in several areas of Côte d'Ivoire except for Cola lorougnonis. Only Divo region has been reported for this species. However, its distribution in Côte d'Ivoire or Divo region is not clearly defined. Accurate modelling of geographical distributions of Cola lorougnonis is crucial to various applications in ecology and conservation. This study analyzed suitable habitat models for Cola lorougnonis and compared to those of 20 others plant species. The main objective was to test geographic predictions for the focused species: Cola lorougnonis. Especially we characterized climatic factors that could explain the spatial distributions and modeled suitable habitats for Cola lorougnonis in natural ecosystem.
Methods

Data Collection for Suitable Habitat Modelling
Environmental Variables
The aim in modeling the habitat distribution, in the present study, is to suggest new sites for rare, endemic to West African forest or Upper Guinean forests, and endangered species. Species appear often to obey different suites of environmental variables at different spatial scales (Ortega-Huerta & Peterson 2003) . In other words, www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 6, No. 3; they may seek optimal suites of climatic conditions at relatively coarse conditions. For this study, we considered twenty environmental variables as potential predictors of the twenty one plants species habitat distribution. There were altitude and nineteen bioclimatic variables obtained from WorldClim dataset (http://www.worldclim.org/ bioclim.htm). These variables were chosen based on their biological relevance to plant species distributions and other habitat modelling studies (Kumar et al., 2006; Guisan et al., 2007 , Pearson et al., 2007 Murienne et al., 2009) . Bioclimatic variables concerned Temperature and precipitation data from 1950 to 2000.
Target Species and Occurrence Data
Initially 31 species with particular ecological status (endemism, rarity, threat) were recorded in Dékpa forest (Vroh et al., 2014; Vroh et al., 2015) . We modelled habitats for only those (N = 21, Table 1 ) that are considered rare and endemic to Ivorian territory (GCi, Aké-Assi, 2001 -2002 , endemic species to Upper Guinea forests (HG, Poorter et al., 2004) , and species endemic to West African forests also called West African Guineo-Congolian species (GCW; White, 1983) .
Nine to fifty height occurrence records of these twenty one plants species were from national Herbarium of Côte d'Ivoire (Herbarium ivorensis UCJ) located in Centre National de Floristique (CNF) at University Félix Houphouët-Boigny. We used also data from the Herbarium of Centre Suisse de Recherche (CSRS) and the book ''Catalogue des Plantes Vasculaires'' (Aké-Assi, 2001 -2002 . We complemented our data, using those from Global Biodiversity Information Facility (GBIF) on http://www.gbif.org/faq/datause.
Data Analysis
Suitable Habitat Modeling Procedure
Maximum entropy distribution or Maxent is a general-purpose method for characterizing probable distributions from incomplete information, and has recently been applied to model species distributions (Phillips et al., 2006; Abdou et al., 2016) . This method has been found best among several many different modeling methods (Elith et al., 2006; Ortega-Huerta & Peterson, 2008) , and may remain effective despite small sample sizes (Hernandez et al., 2006; Pearson et al., 2007; Papes & Gaubert, 2007; Wisz et al., 2008; Benito et al., 2009 ). This program is a good alternative to those requiring both presence and absence records because reliable absence data are rarely available in poorly sampled regions, or for species that are easily missed during surveys (Ferrier et al., 2002; Engler et al., 2004) . Also this method has been found to perform best among many different modelling methods (Elith et al., 2006; Ortega-Huerta & Peterson, 2008) , and may remain effective despite small sample sizes (Hernandez et al., 2006; Pearson et al., 2007; Papes & Gaubert, 2007; Wisz et al., 2008; Benito et al., 2009 ) as we observed in our case study.
For this study, we used the freely available Maxent software, version 3.1 (http:// www.cs.princeton.edu/ ~schapire/maxent/), which generates an estimate of probability of presence of the species (varies from 0 to 1), where 0 being the lowest and 1 the highest probability. The entire occurrence records (Table 1 ) and the 20 environmental predictors were used in Maxent to model potential habitat distributions for the 21 rare plant species. The predictive performance of the model is assessed by testing or validation. Ideally an independent data set should be used for testing the model performance, however, in many cases, as in present study, this will not be available, a situation particular prevalent for threatened and endangered species.
Therefore, as authors did commonly, we used the approach that partition the data randomly into 'training' and 'test' sets, thus creating quasi-independent data for model testing (Fielding & Bell, 1997; Guisan & Hofer, 2003) . However, this approach may not work with a small number of samples because the 'training' and 'test' datasets will be very small (Pearson et al., 2007) . Therefore, we followed Pearson et al. (2007) and used a jackknife (also called 'leave-one-out') procedure, in which model performance is assessed based on its ability to predict the single locality that is excluded from the 'training' dataset.
We evaluated Maxent predictions using the area under the receiver-operating characteristic curve (AUC). The AUC scores are interpreted as reflecting the ability of the model to distinguish presence data from background data (Phillips et al., 2006) and is one of the most widely used methods to evaluate model performance (Franklin, 2009) . AUC is a valid measure of relative model performance between models for the same species and study area (Elith et al., 2006) . According to the different value of AUC, the models can be qualified as Excellent (AUC > 0.9); Good (0.8 < AUC ≤ 0.9), Acceptable (0.7 < AUC ≤ 0.8), Poor (0.6 < AUC ≤ 0.7) or Invalid (0.5 < AUC ≤ 0.6) Hoffman et al., 2008) . We use this classification to cluster the 21 target species according to the AUC value. Legend. GCi, GCW and HG = endemic respectively of Côte d'Ivoire, West African forest and Upper Guinean forests.
*
Although endemic to Upper Guinea, the species is never recorded outside Ivorian territory.
Suitable Habitat Comparison
For each species, the map of distribution in Côte d'Ivoire was drawn using the DIVA-GIS 7.5 software. The raster of potential distribution for each species generated by Maxent in ASCII format (*.asc), was modified after their importation into DIVA-GIS (See Scheldeman & van Zonneveld, 2012 for more details). The visualization was improved by adapting the legend proposed by default. We considered that the conditions of suitable habitat for each species are acceptable when at least 50% of these factors are present in an area.
We compared the suitable habitat areas of Cola lorougnonis (the main target species) to those of other rare species. This comparison allowed us to identify possible spatial (in geographical space) relationships among species. However if these spatial relationships exist, only experimental approaches can test the existence of a causal link (Connell 1983; Schoener 1983; Anderson et al., 2002; Rice et al., 2003) .
Because Maxent determined the heuristic estimate of relative contributions of altitude and each climatic variable in each species distribution model, we performed a Principal Component Analysis (PCA) to reduce dimensionality and obtain a smaller number of species groups based on the percentage of contribution delivered by each variable, using R 3.2.3 software. PCA permitted the ordination of species according to environmental variable and confirmed which factors are responsible for similarities between the suitable habitat distribution (Urbina-Cardona & Loyola, 2008) . This test was performed only with the first two variables with the highest contributions in achieving suitable habitat distribution of different species. We also selected only species having an AUC ≥ 0.9.
Results and Discussion
Model Performance, Predictions and Suitable Potential Habitats of the Twenty One Species
After the inventory in Dékpa forest, the geographic range of 21 rare plant species was estimated through the analysis of the outputs from the climatic models for Côte d'Ivoire. These species have all high conservation value: West African Guineo-Congolian (GCW) species which are endemic to West African forests (White, 1983) , endemic species to Upper Guinean Forest (Poorter et al., 2004) , and endemic species to Ivorian flora (Aké-Assi, 2001 , 2002 . Some other are also endangered or threatened species according to the red list of International Union for Conservation of Nature (IUCN, 2015) .
Predictive accuracy (expressed as AUC values) values presided for three groups of species (Table 2 ). The first group concerned eleven (11) species that have their predictive accuracy value between 0.9 and 1 ( Table 2 ), meaning that most of the individual models had a good fit for these species. For these species, our results are considered excellent (Thuiller et al., 2003) . The maximum values of AUC was 0.99 observed for Cola lorougnonis the main species which is rare, endanger and endemic in Côte d'Ivoire (IUCN, 1994; Vroh et al., 2014 , Aké-Assi, 2001 -2002 . Cola lorougnonis is following by Milletia lane-poolei and Drypetes singroboensis with an AUC respectively equal to 0.98 and 0.96.
The second group concerned height other species which have their AUC ranging from 0.81 to 0.89 (Table 2) , which indicate that predictive quality of the models can be considered good. In this group, AUC for Diospyros vignei (0.89) is bigger than the other species; therefore, the model accuracy for prediction of Diospyros vignei is higher than other species (Table 2 ).
The third group concerned two species Eugenia leonensis and Dalbergia oblongifolia with respectively 0.78 and 0.76 value of AUC. For these two species, predictive model is considered acceptable (Haffman et al., 2008) . We noted that any results concerned AUC value was neither bad none invalid. Hence, it is displayed that Maxent is very effective at determining potential habitat distribution for different species. The results revealed that the predicted potential distribution areas through Maxent almost always appear as over predicted in some area compared to the realized niche of the species. Because Maxent considers only niche-based presence data, it estimates the species fundamental niche (different from occupied niche) rather than realized niche (Kumar & Stohlgren, 2009; Yang et al., 2013 ). This study is based only on a set of existing data. These results could be better with additional data collected in the field, as it has been done by Abdou et al. (2016) about niche modeling of Prosopis africana in Niger and others authors (Hirzel & Guisan, 2002) .
Suitable Habitats Comparison between these Twenty One Rare Species in Côte d'Ivoire
In this study, Maxent model outputs resulted in twenty one different maps, each corresponding to a species ( Figures  2, 3 , and 4). These maps show the mean probability of occurrence for each characterizing species in Côte d'Ivoire. According to (Phillips et al., 2006; Elith et al., 2011) (Gaston, 2003) and thus may be harder to model, especially when the number of training points is limited (see Thuiller et al., 2004) .
In contrary, the eleven species with AUC ranging from 0.9 and 0.99 are very restricted to climatic variables (Ardestani et al., 2015) Vol. 6, No. 3; 2016 6 recorded in Oumé region (Sangne et al., 2008) and in Kokumbo region (Kpangui et al., 2015) . This species was also recorded in Guinean forest in the Forêt Classée du Pic de Fon, Simandou Range, located in forest and savannah transitional zone (Holié & Delamou, 2004) . We think that this species has a large distribution than Cola lorougnonis which is very confined in Divo region. It is also most confined to the dry forest than Cola lorougnonis is confined to moist semi-deciduous forest. 
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Xylopia villosa Turrea heterophylla Vol. 6, No. 3; These results show that a simple way of comparing niches with habitat suitability models is to model the habitat of different species independently in the same area and compare their characteristics (Hirzel & Lay, 2008) . This may be done either in geographical space by comparing the predicted distributions of species (Anderson et al., 2002; Rice et al., 2003) , or in the environmental space by measuring niche similarities (e.g. Reutter et al., 2003; Chefaoui et al., 2005) . These correlative approaches can only show spatial relationships among species. Only an experimental approach (e.g. Connell, 1983; Schoener, 1983) can test the existence of a causal link. However, the spatial scales involved generally prevent experimentation. For Drypetes singroboensis and Cola lorougnonis, declines in habitat have been severe, mainly because of the effects of human population growth, agriculture but also because of fires (Aké-Assi, 1998). Distribution maps of these two species can help in planning land use management around their existing populations, discovering new populations, showing top-priority survey areas or setting priorities to restore their natural habitats for more effective conservation (Kumar & Stohlgren, 2009 ). These areas would play a key role in situ conservation area for the species and could also be used for reintroduction, rehabilitation and recovery of the two species in the landscape. We also noted that area for these two species is focused in Divo region where Dékpa forest is managed (Vroh et al., 2014) . These potential distribution maps can be used by range manager for correct response to changing ecosystems in Divo area with focus in Dékpa forest. Visual comparisons of the actual records data of the two species (Aké-Assi, 1998; Aké-Assi, 2001 -2002 , Poorter et al., 2004 in Côte d'Ivoire will represent also an excellent agreement. These kind of results have permitted to suggest the conservation plan for some West African target species such as Chrysophyllum albidum in Bénin (Gbesso et al., 2013) and Prosopis africana in Niger (Abdou et al., 2016) . This is a general situation under the tropics according to Cayuela et al. (2009) who have investigated the problems and potentialities of species distribution modeling as a tool for conservation planning and policy development and implementation in tropical regions. These authors concluded that species distribution modeling have a great potential to support biodiversity conservation in the tropics, by supporting the development of conservation strategies and plans, identifying knowledge gaps, and providing a tool to examine the potential impacts of environmental change.
Climatic Variable Ranges for the Distribution of Cola Lorougnonis and Drypetes Singroboensis
For Cola lorougnonis, the Maxent model's internal jackknife test of factor importance showed that the environmental variable with highest gain when used in isolation is Precipitation of warmest season (Bio18; 51.6 % of contributions), which therefore appears to have the most useful information by itself. The environmental variable that decreases the gain the most when it is omitted is the Precipitation of coldest season (Bio19; 27.7 % of contributions), which therefore appears to have the most information that isn't present in the other variables ( Figure  6 and Table 2 ). Cola lorougnonis is distributed in ranges Bio18 ≥ 400 mm and Bio19 ≤ 200 mm (Table 2) .
For Drypetes singroboensis, the environmental variable with highest gain when used in isolation is Minimum temperature of coldest month (Bio6; 57.7 % of variations) which therefore appears to have the most useful information by itself. The environmental variable that decreases the gain the most when it is omitted is annual precipitation (Bio12; 8.6 % of variations), which therefore appears to have the most information that isn't present in the other variables ( Figure 6 and Table 2 ). Drypetes singroboensis has high occurrence probability in the areas with Bio6 ≥ 22 °C and Bio12 ≤ 500 mm.
These results demonstrated biological tolerances and habitat preferences for both Cola lorougnonis and Drypetes singroboensis species (Ardestani et al., 2015) . The application of a jackknife evaluation procedure allowed the confirmation of the importance of these variables. Specifically, the annual precipitation was confirmed as the variable that contributed the most to the model for Drypetes singroboensis (found only in dry forest areas in southern Ghana and Guinea, also in moist semi-deciduous forest) and Cola lorougnonis found only in moist semi-deciduous forest (See Kouamé & Zoro, 2010 for maps of vegetation in Côte d'Ivoire). According to Guillaumet and Adjanohoun (1971) and Mangenot (1955) the climate of these areas has two main seasons: a dry season from November to February and a wet season from March to October. The annual rainfall is between 1,000 and 1,500 mm and the average is 1235.4 mm. This rainfall is more favorable to Cola lorougnonis than Drypetes singroboensis (Bio12 ≤ 500 mm). The maximum value of annual rainfall (1,500 mm) correspond to the warmest period in this area and that is favorable to Cola lorougnonis. During the coldest season, the rainfall ranging from 12 to 90 mm; that is also favorable to Cola lorougnonis ( Table 2 for limits of these variables). In group 2 (G2), there are species that have less continuous distribution compared to that of Sabicea discolor. These species are more climatic variable demanding than Sabicea discolor and their potential habitats are limited by Bio2, Bio5 and Bio14 (see Table 2 for limits of these variables).
Finally Group 3 (G3) represents species which potential habitats are increasingly isolated: Cola lorougnonis and Drypetes singroboensis. The position of Cola lorougnonis in this group shows that this species is the most sensitive to climate parameters used in this study (Figure 7 ). Species in this group are sensitive to changes in following climatic variables (according to the order of importance): Bio18, Bio19, Bio9, Bio6 and Bio13. The limit values of these variables are also in the Table 2 .
Generally, the environmental conditions are optimal where the species is most frequently found (Guisan et al., 2000; Guisan, 2003) . PCA results show that, overall, the most suitable areas were predicted to occur in all the territory of Côte d'Ivoire, in agreement with the known occurrences for study species. For Cola lorougnonis and Drypetes singroboensis, accordingly, in the case of gradually observed in this study, directionally changing environmental conditions, their species are condemned either to track their environment across space or to go extinct (Pease et al., 1989; Gimaret-Carpentier et al., 1998) .
Policy Brief Implication for Conservation
Rare species are growing as one of the main issues of concern in the effort to conserve biodiversity worldwide, since these species are assumed to undergo higher risk of extinction. Rare species are characterized by restricted geographic ranges, habitat specialization or small population sizes. Their distribution datasets usually have small numbers of observations, often gathered over long periods of time and of limited spatial accuracy, and lack valid absences.
According to our study, Cola lorougnonis and Drypetes singroboensis are two endemic and rare species at national and international levels. Assessments of conservation status at the species level are generally performed using the International Union for Conservation of Nature (IUCN) Red List criteria. In the first publication in 1994, we found Cola lorougnonis and Drypetes singroboensis respectively in categories "Endangered" and "Vulnerable". Results show also the fragmentation or fluctuation in their geographic range; very restricted distribution. State of Côte d'Ivoire is obliged to undertake monitoring, assessment and reporting of conservation status for all habitats where these species can be found within the territory. Cola lorougnonis is considered "Endangered" because it has a small area of occurrence, certainly the number of individuals is very small. In recent years new populations, Cola lorougnonis and Drypetes singroboensis have been found, particularly in the Dékpa forest located in a gold perimeter. Despite the understanding of the mining company to protect this habitat, we think that the state of Côte d'Ivoire should do the best to facilitate the creation, conservation and protection of the reserve in Divo region.
The loss and degradation of natural habitats represents the most relevant single source of pressure on these two species locally and nationally, with recognized impacts in the group of plants analyzed in this study. These two species deserving so priority in conservation actions. Dékpa forest can be prioritized by state for conservation. That is an area where there is greatest need and where the payoff from conservation management measures would also be greatest.
In recent years, stimulated by an increasing awareness of the magnitude of human impacts on the environment, concerns for the conservation of some national park have become a popular issue. That is good for ecosystem conservation. But National Park or hotspots for different taxa do not coincide well with one another, that hotspots often miss rare species, and that major animal and plant groups could be lost by focusing too much attention to protected areas. We think that, there's a pressing need to develop research on the determinants for rare species distributions in order to understand and manage all biodiversity components, but also to meet society's aspirations.
We therefore envisage additional studies focusing on the survey areas identified in this study. It will check whether individuals or populations of these rare species are still living in remaining forests (community forests, sacred forests, cemeteries forests, etc.) or in protected in Divo region. If these studies demonstrate the existence of populations of these two species, conservation actions (habitat protection, awareness of local populations) will be necessary.
Finally, we envisage to project present-day niche models onto future conditions of climate, as represented in large-scale climate models. That will permit to predict climate changes effects on populations of these species. These projections will allow us to know how they will change over the next few decades of evolving world climates.
